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Abstract
Background  The decline in adropin over the aging process is associated with cardiometabolic risks, and resistance 
training may affect this decline. We hypothesized that elastic band resistance training (EBRT) would be an effective 
exercise for increasing adropin and improving the cardiometabolic profile in elderly women.

Methods  We randomly assigned 28 overweight elderly women (age = 74.04 ± 4.69 years) into one of two groups, 
EBRT (n = 14) or control (CON; n = 14), to participate in a 12-week (3d/wk) supervised EBRT program. The serum levels 
of adropin and cardiometabolic risk factors were evaluated at baseline and after the intervention. The exercise training 
protocol consisted of three supervised training sessions (55 min) per week for 12 weeks. Data were analyzed using 
two-way repeated-measures ANOVA and Pearson correlation coefficient.

Results  EBRT significantly increased serum adropin levels (p = 0.026), number of repetitions in the 30-second chair-
stand test (p = 0.016), and number of repetitions in the 30-second arm curl test (p = 0.032). Moreover, EBRT significantly 
decreased serum levels of insulin (p = 0.035), TNF-α (p = 0.046), hsCRP (p = 0.037), and insulin resistance (p = 0.045) as 
well as body fat percentage (p = 0.023). There were no significant between-group differences (p > 0.05) in glucose, TC, 
TG, LDL-C, HDL-C, BMI, and WHR; however, glucose, TC, TG, and BMI significantly changed in the EBRT group (within-
group). Furthermore, adropin correlated with body fat percentage (p = 0.020) and BMI (p = 0.014) at pretest and with 
body fat percentage at posttest (p = 0.016), however, delta values were not significantly related. No correlation was 
observed between adropin and other biomarkers at any stage of the study.

Conclusion  EBRT can increase serum adropin levels, which has been associated with improved insulin sensitivity, 
inflammation, body fat percentage, and physical function in overweight elderly women.
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Background
Aging involves a set of physiological alterations that lead 
to several complications such as hormonal imbalance, 
mitochondrial dysfunction, cellular senescence, and 
chronic degeneration [1–3]. Aging is a major risk factor 
for lipid profile disturbances [4], endocrine dysfunction 
[5], and cardiovascular morbidity in healthy women [6]. 
Cardiometabolic morbidity and mortality in older adults 
(≥ 60 years of age) are higher than in younger adults [7]. 
Adropin is a peptide hormone, which affects cardiomet-
abolic control, and aging can affect its circulating lev-
els [8–12]. It seems that exercise training can positively 
influence the adropin levels and cardiometabolic risk fac-
tors in sedentary adults [8, 9, 11].

Blood adropin levels are inversely associated with age 
[9, 11, 12], where individuals aged more than 40 years 
have shown lower plasma adropin levels than those 
aged less than 30 years [11, 12]. It is well known that 
estrogen levels decline rapidly in the menopause stage. 
It has been recently reported that hepatic adropin gene 
expression is regulated by estrogen, and its downregu-
lation is associated with adverse metabolic phenotypes 
in ovariectomized mice [13, 14]. Adropin can be linked 
with inflammation, so a decrease in adropin levels may 
be associated with an increase in inflammation [15]. A 
number of clinical studies have demonstrated decreased 
expression of adropin in various inflammatory diseases, 
its potential anti-inflammatory effects, and its nega-
tive correlation with inflammatory cytokine levels. By 
decreasing fat accumulation, adropin may decrease mac-
rophage infiltration, thereby improving inflammation. 
It exerts anti-inflammatory effects on atherosclerosis 
through the regulation of the macrophage phenotype 
[16]. Also, the reduced levels of adropin are accompa-
nied by dyslipidemia, high body mass index (BMI), and 
cardiovascular disease [9, 17]. Adropin has a significant 
negative correlation with the levels of cytokines and 
hypersensitive C-reactive protein (hsCRP) [16]. It also 
reduces the mRNA expression of pro-inflammatory cyto-
kines, such as TNF-α through inducible NOS expres-
sion in the pancreas and liver [18]. Adropin is associated 
with mild suppression of the endogenous rate of glucose 
production, and its deficiency has a negative effect on 
glucose homeostasis [17]. Also, low adropin levels are 
associated with insulin resistance (IR) [9, 17, 19]. It plays 
an important role in metabolic regulation and can lead 
to lower insulin sensitivity [15, 20]. In terms of physical 
activity, an increasingly sedentary lifestyle in older people 
is associated with decreased adropin levels [17, 21, 22].

Regular physical exercise is an effective non-pharmaco-
logical preventive and therapeutic intervention to reduce 
the risks of various conditions associated with advanced 
age. Progressive resistance training can improve cardio-
metabolic health in older adults [23]. Given that older 

individuals may not have proper access to free weights 
or gym equipment [24], elastic band resistance train-
ing (EBRT) can be a great alternative to this equipment 
[25]. EBRT is an effective method for improving muscle 
strength in the elderly [26]. Elastic bands are more acces-
sible, portable, and more affordable than free weights and 
resistance training devices, and their use is increasing day 
by day [27]. Muscle activation in EBRT and other resis-
tance training with free weights is almost identical [28]. 
Elastic band exercise can improve the functional capa-
bilities of patients [29]. Colado et al. reported that EBRT 
has positive effects on body strength and body composi-
tion [30]. Furthermore, strength training and EBRT had 
a significant effect on the lipid profile in postmenopausal 
women [31]. Therefore, in this study, EBRT was used as 
an exercise intervention.

In summary, low adropin levels are associated with an 
unfavorable cardiometabolic profile and can have devas-
tating consequences for older people, and it seems that 
exercise training may have beneficial effects on this pro-
cess. Therefore, this study hypothesized that EBRT would 
positively change adropin levels and also improve the 
cardiometabolic profile.

Methods
Study participants and design
Sixty healthy overweight older women (age = 74.04 ± 4.69 
years) who are living in the elderly nursing home were 
screened for the study (Fig. 1). The main inclusion crite-
ria were as follows: (1) overweight elderly women aged 
65–80 years, (2) physically independent, (3) no muscu-
loskeletal, cardiovascular, neurological, mental, or any 
chronic diseases that could inhibit exercise performance 
or put participants at risk from exercising, (4) no regular 
exercise training for at least six months before participat-
ing in this study, and (5) medical clearance for partici-
pation. Those participants who could not complete the 
training program or had medical conditions that made 
it unsafe for them to participate in the exercise program 
were excluded from the study.

The sample size was estimated by G*Power 3.1.9.2 soft-
ware. The minimum sample size was calculated to be 24, 
considering the previous studies [22, 28, 32], and based 
on an effect size of 0.30, an α-level of 0.05, and a power 
of 0.80. Finally, considering possible dropouts due to the 
COVID-19, 35 participants were recruited. Then, they 
were randomly divided into a CON group (n = 18) and an 
EBRT group (n = 17). The allocation was concealed and 
stratified for homeostasis model assessment (HOMA-IR) 
using random block allocation (2 blocks). The HOMA-IR 
was calculated as (fasting glucose [mg/dl] × fasting insu-
lin [µU/mL])/405 [33]. The control group was instructed 
to maintain their usual physical activity during the study. 
Assessments occurred at baseline approximately one 
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week before starting the intervention, and 48 h after 12 
weeks of intervention. All assessments were blinded to 
the allocation of the participants.

Elastic bands resistance training intervention
The participants in the experimental group were 
instructed on how to use elastic bands (TheraBand, The 

Hygenic Corporation, Akron, OH, USA) before starting 
the EBRT intervention. The EBRT protocol was designed 
based on a previous study and the guidelines of the Amer-
ican College of Sports Medicine [28, 34]. Table 1 outlines 
the exercise protocol. EBRT was performed three times 
a week (on non-consecutive days) for 12 weeks in small 
groups of participants (n ≤ 6) and under the supervision 

Table 1  Exercise protocol
TheraBand colors Exercise loading

Weeks Yellow Red Green Blue Black Repetitions Sets RPEa

1 X 8–10 1–2 12–14

2 X 8–10 2–3 12–14

3 X 10–12 2–3 12–14

4 X 10–12 3 12–14

5 X 8–10 3 12–14

6 X 10–12 3 12–14

7 X 8–10 3 12–14

8 X 10–12 3 12–14

9 X 8–10 3 12–14

10 X 10–12 3 12–14

11 X 8–10 3 12–14

12 X 10–12 3 12–14
X = the used TheraBand color
a Ratings of perceived exertion according to the Borg scale

Fig. 1  CONSORT flow diagram
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of two qualified exercise scientists. The correct exercise 
technique, rest intervals, and compliance with the exer-
cise program were closely monitored. Each session lasted 
55 min and consisted of 10 min of warm-up followed by 
40 min of EBRT and finally five minutes of cooling down. 
The EBRT was conducted for the major muscle groups, 
including arms, shoulder, abdomen, back, and legs. One 
to three sets of 8–12 repetitions during the first 3 weeks 
and then three sets of 8–12 repetitions during the rest 
of the study period, were performed by the participants 
through the full range of motion for each exercise, and 
the training volume and intensity progressively increased 
[34]. In this study, the resistance levels of elastic bands 
begin and increase from the lowest resistance (yellow) 
to the highest (black) progressively. The Borg scale was 
used to estimate the exercise intensity and individualize 
the intervention for each participant. Moreover, exer-
cise intensity was controlled by this scale at the point of 
12–14. When the perceived effort was rated as about 13 
points (somewhat hard), the resistance exercise intensity 
was progressively increased using the next elastic band 
color. Moreover, when the participants could not tolerate 
the resistance intensity of the next band color, the previ-
ous one was maintained for an additional session [28, 34].

Lower and upper limb strength tests
These tests were used to evaluate the effectiveness of 
12-weeks of EBRT on the lower and upper limb strength. 
The 30-second chair-stand test using a chair without 
arms (seat height: 43.2  cm) was used to assess lower-
body strength. The score of each subject was the total 
number of the full stand from a seated position within 
the 30-s period [35]. The 30-second arm curl test was 
used to assess upper-body strength, in which the highest 
number of full elbow flexion to extension in 30 s holding 
a hand weight of 2.3 kg was accounted as the score [35].

Anthropometry and body composition
Standing height was measured with the participants’ 
shoes off. Weight, BMI, waist-to-hip ratio (WHR), and 
body fat percentage (three-site skinfold method: tri-
ceps, suprailiac, thigh) were assessed before and after the 
EBRT program at the same time of the day.

Blood sample collection and analysis
Fasting blood samples were obtained from the cubital 
vein using standard procedures at 8–9 am; the first time 
was one week before the 12-week training period, and the 
second time was 48 h after the last session of the 12-week 
training intervention. The samples were centrifuged at 
3000 rpm for 20 min, and the serum was stored at -70 ° C 
for future analysis.

Serum adropin was measured in duplicates using 
a commercially available ELISA kit (Catalog No: 

CK-E90267, Eastbiopharm Co. Ltd, Hangzhou, China) 
according to the manufacturer’s instructions (Assay 
range: 5 ng/L – 1000 ng/L, Sensitivity: 2.49 ng/L). Insulin, 
glucose, total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), triglycerides (TG), and hsCRP were assessed 
using standard techniques.

Statistical analysis
Statistical analysis was performed using SPSS (SPSS Inc., 
Chicago, IL, USA). The Shapiro–Wilk test was used to 
check the normality. Comparisons of baseline variables 
were made using the independent student t-test. Group 
comparisons were performed using two-way repeated 
measures ANOVA [group (CON group and EBRT group) 
× time (before and after 12 weeks)]. Additionally, the 
Bonferroni test was used for pairwise comparisons. Fur-
thermore, the relationships between serum adropin and 
other variables were evaluated with the Pearson prod-
uct-moment correlation analysis. A p value < 0.05 was 
considered statistically significant. The graphs were plot-
ted using GraphPad Prism (version 8.3.0 for Windows; 
Graphpad Software, San Diego, CA).

Results
Of the 60 volunteers screened for the study, 35 were 
allocated to the EBRT group or CON group. Seventeen 
participants commenced the EBRT, with 14 of them 
completing the program. Eighteen participants in the 
CON group commenced the study, with 14 completions 
(Fig. 1). Therefore, the data were analyzed in 28 partici-
pants, consisting of 14 participants in the CON group 
and 14 participants in the EBRT group. Participant char-
acteristics are shown in Table  2. There were no signifi-
cant differences in any baseline characteristic (p > 0.05) 
between the groups.

Changes in serum adropin levels
The difference between EBRT and CON groups was 
significant for adropin levels after 12 weeks of exer-
cise intervention (F (1, 26) = 5.541, p = 0.026, partial eta 
squared = 0.176). The EBRT group showed an increase of 
40.71% (p = 0.001, from 100.73 ± 18.56 to 141.74 ± 22.97 
ng/L), whereas, no significant changes were found 
in the CON group (p = 0.478, from 106.33 ± 22.50 to 
103.07 ± 17.02 ng/L) (Fig. 2).

Changes in serum levels of TNF-α and hsCRP
There was a statistically significant reduction in TNF-α 
(F (1, 26) = 4.409, p = 0.046, partial eta squared = 0.145) 
and hsCRP (F (1, 26) = 4.827, p = 0.037, partial eta 
squared = 0.157) levels in the EBRT group compared with 
the CON group (Fig. 3).
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Changes in insulin resistance, insulin, and glucose
The results on HOMA-IR, insulin, and glucose are pre-
sented in Fig.  4. HOMA-IR significantly improved 
with ERBT compared to the control condition (F (1, 
26) = 4.442, p = 0.045, partial eta squared = 0.146). Insulin 
levels in the ERBT group significantly decreased com-
pared to the CON group (F (1, 26) = 4.959, p = 0.035, 
partial eta squared = 0.160). There were no significant 
between-group differences in glucose levels after 12 
weeks of EBRT (F (1, 26) = 0.912, p = 0.348, partial eta 
squared = 0.034), despite the significant decrease in its 
levels in the EBRT group.

Changes in BMI, WHR, body fat percentage, and lipid 
profile
The results on BMI, WHR, and body fat percentage can 
be seen in Table 3. There were no significant differences 
between the EBRT and the CON groups in terms of BMI 
(F (1, 26) = 0.876, p = 0.358) and WHR (F (1, 26) = 0.222, 
p = 0.641) after 12 weeks of exercise intervention. The 
body fat percentage significantly reduced in the EBRT 
group compared with the CON group (F (1, 26) = 5.868, 
p = 0.023). As shown in Table 3, there were no significant 
between-group differences over time for any of the lipid 
profile components (p > 0.05).

Changes in physical function
The 30-second chair-stand test results significantly 
improved in the EBRT group compared with the base-
line (p = 0.001) and the CON group (F (1, 26) = 6.698, 
p = 0.016, partial eta squared = 0.205) (Fig.  5  A). The 
30-second arm curl test results significantly improved in 
the EBRT group compared with the baseline (p = 0.024) 
and the CON group (F (1, 26) = 5.153, p = 0.032, partial 
eta squared = 0.165) (Fig. 5B).

Correlations between adropin and other biomarkers
Correlation analysis revealed that adropin negatively cor-
related with body fat percentage at both pretest (r = 0.439, 
p = 0.020) and posttest (r = 0.631, p = 0.016), however, 
delta values between the two measures were not signifi-
cantly related. Moreover, adropin only correlated with 
BMI at pretest (r = 0.459, p = 0.014). No correlation was 
observed between adropin and other biomarkers at any 
stage of the study.

Discussion
In this study, serum adropin levels and cardiometabolic 
risk factors were analyzed to evaluate whether 12 weeks 
of EBRT improved aging-related changes in these vari-
ables in overweight elderly women.

The main findings of this study are that EBRT signifi-
cantly increased serum adropin levels, improved insulin 
sensitivity, and improved physical function. Moreover, 
TNF-α, hsCRP, insulin levels, and body fat percentage 
significantly decreased following EBRT.

Adropin is expressed in the brain, heart, liver, kidney, 
skeletal muscle, pancreas, vascular endothelial cells, and 
small intestine [20, 36], and it is of great importance in 
maintaining metabolic homeostasis; therefore, a decrease 
in its concentration can increase IR in older men and 
women [17]. It is indicated that adropin, as an endocrine 
factor, can reduce IR, and can play an important role in 
the regulation of energy metabolism [19]. Moreover, 
reduced levels of adropin are accompanied by cardio-
vascular disease and dyslipidemia [9]. The results of this 
study indicated that 12 weeks of EBRT increased serum 
adropin levels. This result is consistent with a study by 
Rezaeinezhad et al. (2022), who found that serum adro-
pin levels significantly increased after six weeks of circuit 
resistance training in dormitory young male students 
[37]. Moreover, Fujie et al. have demonstrated that serum 
adropin levels increased after eight weeks of aerobic 
exercise training with an intensity of 60 to 70% of VO2peak 
in 40 healthy middle-aged and older subjects [22]. There-
fore, considering these studies and our results, it seems 
that regardless of the effect of aging, both resistance and 
aerobic training could increase adropin levels.

In this study, the body fat percentage decreased after 
EBRT. As people age, the body fat mass will gradually 

Table 2  Participant baseline characteristics
Variables EBRT group 

(n = 14)
CON group 
(n = 14)

T P

Age (years) 73.29 ± 5.44 74.79 ± 3.87 -0.841 0.408

Height (cm) 151.28 ± 4.79 150.36 ± 4.45 0.531 0.600

Weight (kg) 63.71 ± 8.76 64.86 ± 9.63 -0.328 0.745

BMI (kg/m2) 27.82 ± 3.46 28.59 ± 3.32 -0.603 0.552

WHR 0.96 ± 0.08 0.97 ± 0.07 -0.466 0.645

Body fat 
percentage

36.05 ± 1.96 36.36 ± 2.49 -0.366 0.717

HOMA-IR 0.87 ± 0.15 0.92 ± 0.23 -0.734 0.470

Insulin (mg/dl) 4.01 ± 0.54 4.28 ± 0.84 -1.002 0.325

Glucose (mg/dl) 97.21 ± 7.44 96.50 ± 8.51 0.236 0.815

TG (mg/dl) 146.57 ± 39.13 125.21 ± 30.93 1.602 0.121

TC (mg/dl) 185.36 ± 27.61 176.50 ± 27.38 0.852 0.402

LDL-C (mg/dl) 123.21 ± 18.75 122.86 ± 18.57 0.051 0.960

HDL-C (mg/dl) 41.36 ± 5.00 42.64 ± 4.16 -0.739 0.466

30-second chair 
stand test (reps)

10.43 ± 1.91 11.29 ± 1.44 -1.342 0.191

30-second arm 
curl test (reps)

16.14 ± 2.44 16.71 ± 2.61 -0.597 0.555

Adropin (ng/L) 100.73 ± 18.56 106.33 ± 22.50 -0.719 0.479

TNF-α (pg/ml) 5.79 ± 0.87 5.84 ± 0.86 -0.155 0.878

hsCRP (ng/ml) 1714.86 ± 508.33 1895.79 ± 727.69 -0.763 0.453
Values are presented as mean ± SD

BMI: Body mass index; WHR: waist-to-hip ratio
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increase compared to lean body mass. Adipose tissue is 
a “crossroads” of energy homeostasis, inflammation, and 
atherosclerosis [38]. Macrophages in the adipose tissue 
are the source of inflammatory cytokines, such as TNF-
α, that play a significant role in the inflammatory process 
[39, 40]. It has been reported that a decrease in adropin 
levels is associated with an increase in body fat mass [17]. 
Moreover, this obesity-dependent decrease in adropin 
levels may lead to more severe IR and dyslipidemia [17].

Adropin has a potential anti-inflammatory effect and a 
negative correlation with the expression levels of inflam-
matory cytokines [16]. However, further research is 
needed to confirm whether adropin can alter the pheno-
type of macrophages; it may regulate the pro-inflamma-
tory or anti-inflammatory phenotypes of macrophages 
through up-regulating the expression of peroxisome 
proliferator-activated receptor gamma (PPAR-γ) [18]. 
In other words, PPAR- may be a key target for adropin’s 
anti-inflammatory properties [16]. It has also been shown 
that PPAR-γ plays an important role in inflammation and 
metabolism in macrophages [41]. Furthermore, PPAR-γ 
activation can reduce macrophage infiltration and adi-
pose tissue inflammation. Excessive free fatty acids in 
metabolic tissues, such as skeletal muscle, pancreas, and 

liver, can activate inflammatory pathways; on the other 
hand, adropin can help minimize macrophage infiltra-
tion by reducing fat accumulation and consequently 
can reduce inflammation [16]. Inflammation and insu-
lin resistance can trigger metabolic disorders that acti-
vate inflammatory transcription factor nuclear factor-κB 
(NF-κB) and the inflammatory signaling system, as well 
as elevated cytokine levels, thus accelerating damage to 
endothelial cell function and formation of atherosclerotic 
plaques. Adropin can also exert its possible anti-inflam-
matory effects through energy metabolism regulation 
[16].

In this study, an increase in serum adropin levels was 
associated with improved physical function. Gener-
ally, muscle mass, physical strength, and physical func-
tion decrease with age. A former study has shown that a 
reduction in adropin levels in mice is associated with a 
mild decrease in physical activity [17], and another study 
also reported a significant increase in physical activity in 
transgenic female mice that had an increased expression 
of adropin levels [21]. Adropin as a membrane-bound 
protein interacts with the brain-specific Notch1 ligand 
NB3. It may regulate physical activity via the NB-3/Notch 
signaling pathway [20]. Therefore, the improvement in 

Fig. 2  Changes in adropin levels following 12 weeks of EBRT
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physical function in this study seems to be associated 
with elevated adropin levels. Additionally, physical func-
tion improvement confirms that the volume and intensity 
of EBRT have been appropriate.

Although EBRT has a positive significant influence 
on lipid profile (only TC and LDL-C) after one year of 
a training program in postmenopausal women [31], the 

lipid profile components did not significantly change 
after the exercise intervention in this study, which can be 
attributed to the shorter duration of the training program 
in this study.

In this study, adropin only correlated with body fat 
percentage and BMI at pretest and body fat percentage 
at posttest, and no correlation was observed between 

Fig. 3  Changes in TNF-α (A) and hsCRP (B) following 12 weeks of EBRT
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Fig. 4  Changes in HOMA-IR (A), insulin (B), and glucose (C) following 12 weeks of EBRT
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adropin and other parameters at any stage of the study. 
However, several studies have shown that serum adropin 
is correlated with some inflammatory markers and meta-
bolic parameters [9, 16, 17, 19]. It is necessary to remem-
ber that participants in this study were elderly women, 
and adropin levels may be affected by the aging process.

There were some limitations in this study. First, all the 
participants in this study were females, so the results are 
not generalizable to all older people. Second, although we 
requested the participants to maintain their usual level 
of physical activity, it would have been better if we had 
monitored and controlled it. Third, although we calcu-
lated the sample size before enrolling participants in this 
study, future studies with a larger sample size may be nec-
essary to give more conclusive results. Fourth, although 
the body fat percentage was measured using the skinfold 
method, it would have been better if we had measured it 
by dual-energy X-ray absorptiometry.

We think that the serum levels of glucose, TC, and TG 
could be affected by more extended duration interven-
tion or more intense exercise training, so we suggest that 
future studies should be conducted to evaluate the effect 
of EBRT on these variables. To the best of our knowledge, 
this is the first study to evaluate the effect of 12 weeks 
of EBRT on adropin and cardiometabolic risk factors in 
overweight elderly women, so more comprehensive clini-
cal studies could provide more details. No adverse effects 
were observed in this study.

Conclusion
Increased serum adropin levels following 12 weeks 
of EBRT in overweight elderly women are associated 
with changes in some of the cardiometabolic risk fac-
tors including, a decrease in insulin levels and body fat 
percentage, and an improvement in insulin sensitivity. 
In addition, physical function improvement is associ-
ated with an increase in adropin levels, which confirms 
that the volume and intensity of EBRT were appropriate. 
In summary, it appears that the improvement of some 

age-related cardiometabolic risk factors is associated 
with an increase in adropin levels after 12 weeks of EBRT.

Table 3  The effects of 12 weeks of EBRT or control period on BMI, WHR, body fat percentage, and lipid profile parameters
EBRT group CON group Partial 

Eta 
Squared

Mean Differ-
ences ± Std. 
Error

95% Confidence 
Interval

Mean Differenc-
es ± Std. Error

95% Confidence 
Interval

Lower 
Bound

Upper 
Bound

Lower 
Bound

Upper 
Bound

BMI (kg/m2) 0.577 ± 0.136* 0.296 0.857 -0.284 ± 0.136* -0.565 -0.004 0.033

WHR 0.005 ± 0.006 -0.007 0.018 0.006 ± 0.006 -0.006 0.019 0.008

Body fat percentage# 3.642 ± 0.254* 3.120 4.165 0.150 ± 0.254 -0.737 0.762 0.184

TG (mg/dl) 17.429 ± 6.122* 4.845 30.012 -6.643 ± 6.122 -19.226 5.940 0.018

TC (mg/dl) 17.929 ± 4.342* 9.003 26.855 -10.286 ± 4.342* -19.212 -1.360 0.012

LDL-C (mg/dl) 1.714 ± 1.105 -0.557 3.986 -1.143 ± 1.105 -3.415 1.129 0.001

HDL-C (mg/dl) -1.000 ± 0.494 -2.016 0.016 -0.286 ± 0.494 -1.301 0.730 0.012
#Significant difference between EBRT and CON groups (P < 0.05). *Within-group significant differences (P < 0.05) (Pre: before training intervention; Post: after training 
intervention)
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HOMA-IR	� Homeostasis model assessment.
TC	� Total cholesterol.
HDL-C	� High-density lipoprotein cholesterol.

LDL-C	� Low-density lipoprotein cholesterol.
TG	� Triglycerides.
PPAR-γ	� Peroxisome proliferator-activated receptor gamma.

Acknowledgements
The authors would like to thank all the participants of this study.

Authors’ contributions
AAJ, EMS, and ZAJ conceived and designed research, drafted the manuscript, 
reviewed and revised the manuscript. AAJ and EMS acquired and analyzed 
data. All authors read and approved the manuscript.

Fig. 5  Changes in physical function following 12 weeks of EBRT. A 30-second chair-stand test. B 30-second arm curl test

 



Page 11 of 12Azamian Jazi et al. BMC Sports Science, Medicine and Rehabilitation          (2022) 14:178 

Funding
This research did not receive a specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was carried out according to the latest revision of the Declaration of 
Helsinki and approved by the research ethics committee of the Sport Sciences 
Research Institute (IR.SSRC.REC.1397.008). Furthermore, we registered this 
study in the Iranian Registry of Clinical Trials (IRCT20190305042941N1). All 
participants provided written informed consent. All methods were performed 
in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 23 January 2022 / Accepted: 15 September 2022

References
1.	 de Resende-Neto AG, Aragão-Santos JC, Oliveira-Andrade BC, Silva Vasconce-

los AB, De Sá CA, Aidar FJ, et al. The Efficacy of Functional and Traditional Exer-
cise on the Body Composition and Determinants of Physical Fitness of Older 
Women: A Randomized Crossover Trial. J Aging Res. 2019;2019:5315376-.

2.	 Silva BSdA, Uzeloto JS, Lira FS, Pereira T, Coelho-E-Silva MJ, Caseiro A. Exercise 
as a Peripheral Circadian Clock Resynchronizer in Vascular and Skeletal 
Muscle Aging. 2021;18(24):12949.

3.	 Chao HH, Liao YH, Chou CC. Influences of Recreational Tennis-Playing Exercise 
Time on Cardiometabolic Health Parameters in Healthy Elderly: The ExAMIN 
AGE Study. International journal of environmental research and public health. 
2021;18(3).

4.	 Kolovou GD, Bilianou HG. Influence of aging and menopause on lipids and 
lipoproteins in women. Angiology. 2008;59(2 Suppl):54s-7s.

5.	 Copeland JL, Chu SY, Tremblay MS. Aging, physical activity, and hormones in 
women–a review. J Aging Phys Act. 2004;12(1):101–16.

6.	 Lavi S, Nevo O, Thaler I, Rosenfeld R, Dayan L, Hirshoren N, et al. Effect of 
aging on the cardiovascular regulatory systems in healthy women. Am J 
Physiol Regul Integr Comp Physiol. 2007;292(2):R788-93.

7.	 Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, 
et al. Heart Disease and Stroke Statistics-2020 Update: A Report From the 
American Heart Association. Circulation. 2020;141(9):e139–596.

8.	 Kmiec Z. Aging and peptide control of food intake. Curr Protein Pept Sci. 
2011;12(4):271–9.

9.	 Marczuk N, Cecerska-Heryc E, Jesionowska A, Dolegowska B. Adropin - 
physiological and pathophysiological role. Postepy Hig Med Dosw (Online). 
2016;70(0):981–8.

10.	 Stevens JR, Kearney ML, St-Onge MP, Stanhope KL, Havel PJ, Kanaley JA, et al. 
Inverse association between carbohydrate consumption and plasma adropin 
concentrations in humans. Obes (Silver Spring). 2016;24(8):1731–40.

11.	 Yang C, DeMars KM, Candelario-Jalil E. Age-Dependent Decrease in 
Adropin is Associated with Reduced Levels of Endothelial Nitric Oxide 
Synthase and Increased Oxidative Stress in the Rat Brain. Aging and disease. 
2018;9(2):322–30.

12.	 Ghoshal S, Stevens JR, Billon C, Girardet C, Sitaula S, Leon AS, et al. Adropin: 
An endocrine link between the biological clock and cholesterol homeostasis. 
Mol Metabolism. 2018;8:51–64.

13.	 Stokar J, Gurt I, Cohen-Kfir E, Yakubovsky O, Hallak N, Benyamini H, et al. 
Hepatic adropin is regulated by estrogen and contributes to adverse meta-
bolic phenotypes in ovariectomized mice. Mol Metab. 2022;60:101482.

14.	 Meda C, Dolce A, Vegeto E, Maggi A, Della Torre S. ERα-Dependent Regula-
tion of Adropin Predicts Sex Differences in Liver Homeostasis during High-Fat 
Diet. Nutrients. 2022;14(16).

15.	 Brnić D, Martinovic D, Zivkovic PM, Tokic D, Tadin Hadjina I, Rusic D, et al. 
Serum adropin levels are reduced in patients with inflammatory bowel 
diseases. Sci Rep. 2020;10(1):9264-.

16.	 Zhang S, Chen Q, Lin X, Chen M, Liu Q. A Review of Adropin as the Medium 
of Dialogue between Energy Regulation and Immune Regulation. Oxid Med 
Cell Longev. 2020;2020:3947806-.

17.	 Ganesh Kumar K, Zhang J, Gao S, Rossi J, McGuinness OP, Halem HH, et al. 
Adropin deficiency is associated with increased adiposity and insulin resis-
tance. Obes (Silver Spring). 2012;20(7):1394–402.

18.	 Sato K, Yamashita T, Shirai R, Shibata K, Okano T, Yamaguchi M, et al. 
Adropin Contributes to Anti-Atherosclerosis by Suppressing Monocyte-
Endothelial Cell Adhesion and Smooth Muscle Cell Proliferation. Int J Mol Sci. 
2018;19(5):1293.

19.	 Akcilar R, Emel Kocak F, Simsek H, Akcilar A, Bayat Z, Ece E, et al. The effect of 
adropin on lipid and glucose metabolism in rats with hyperlipidemia. Iran J 
Basic Med Sci. 2016;19(3):245–51.

20.	 Wong CM, Wang Y, Lee JT, Huang Z, Wu D, Xu A, et al. Adropin is a brain 
membrane-bound protein regulating physical activity via the NB-3/Notch 
signaling pathway in mice. J Biol Chem. 2014;289(37):25976–86.

21.	 Kumar KG, Trevaskis JL, Lam DD, Sutton GM, Koza RA, Chouljenko VN, et al. 
Identification of adropin as a secreted factor linking dietary macronutri-
ent intake with energy homeostasis and lipid metabolism. Cell Metab. 
2008;8(6):468–81.

22.	 Fujie S, Hasegawa N, Sato K, Fujita S, Sanada K, Hamaoka T, et al. Aerobic 
exercise training-induced changes in serum adropin level are associated with 
reduced arterial stiffness in middle-aged and older adults. Am J Physiol Heart 
Circ Physiol. 2015;309(10):H1642-7.

23.	 McLeod KA, Jones MD, Thom JM, Parmenter BJ. Resistance Training and High-
intensity Interval Training Improve Cardiometabolic Health in High Risk Older 
Adults: A Systematic Review and Meta-anaylsis. International journal of sports 
medicine. 2021.

24.	 Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, et al. Physical 
activity and public health in older adults: recommendation from the Ameri-
can College of Sports Medicine and the American Heart Association. Med Sci 
Sports Exerc. 2007;39(8):1435–45.

25.	 Martins WR, Safons MP, Bottaro M, Blasczyk JC, Diniz LR, Fonseca RM, et al. 
Effects of short term elastic resistance training on muscle mass and strength 
in untrained older adults: a randomized clinical trial. BMC Geriatr. 2015;15:99.

26.	 Stojanovic MDM, Mikic MJ, Milosevic Z, Vukovic J, Jezdimirovic T, Vucetic V. 
Effects of Chair-Based, Low-Load Elastic Band Resistance Training on Func-
tional Fitness and Metabolic Biomarkers in Older Women. J Sports Sci Med. 
2021;20(1):133–41.

27.	 Colado JC, Garcia-Masso X, Pellicer M, Alakhdar Y, Benavent J, Cabeza-Ruiz R. 
A comparison of elastic tubing and isotonic resistance exercises. Int J Sports 
Med. 2010;31(11):810–7.

28.	 Huang SW, Ku JW, Lin LF, Liao CD, Chou LC, Liou TH. Body composition influ-
enced by progressive elastic band resistance exercise of sarcopenic obesity 
elderly women: a pilot randomized controlled trial. Eur J Phys Rehabil Med. 
2017;53(4):556–63.

29.	 Verrill D, Shoup E, McElveen G, Witt K, Bergey D. Resistive exercise training in 
cardiac patients. Recommendations Sports Med. 1992;13(3):171–93.

30.	 Colado JC, Triplett NT. Effects of a short-term resistance program using 
elastic bands versus weight machines for sedentary middle-aged women. J 
Strength Conditioning Res. 2008;22(5):1441–8.

31.	 Gomez-Tomas C, Chulvi-Medrano I, Carrasco JJ, Alakhdar Y. Effect of a 1-year 
elastic band resistance exercise program on cardiovascular risk profile in 
postmenopausal women. Menopause. 2018;25(9):1004–10.

32.	 Flandez J, Belando N, Gargallo P, Fernández-Garrido J, Vargas-Foitzick RA, 
Devis-Devis J, et al. Metabolic and Functional Profile of Premenopausal 
Women With Metabolic Syndrome After Training With Elastics as Compared 
to Free Weights. Biol Res Nurs. 2017;19(2):190–7.

33.	 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function 
from fasting plasma glucose and insulin concentrations in man. Diabetologia. 
1985;28(7):412–9.

34.	 Riebe D, Ehrman JK, Liguori G, Magal M. ACSM’s Guidelines for Exercise Test-
ing and Prescription. Wolters Kluwer; 2017.

35.	 Roberta ER, Jessie Jones C. Senior Fitness Test Manual. Champaign: Human 
Kinetics; 2013.



Page 12 of 12Azamian Jazi et al. BMC Sports Science, Medicine and Rehabilitation          (2022) 14:178 

36.	 Aydin S, Kuloglu T, Aydin S, Eren MN, Yilmaz M, Kalayci M, et al. Expression 
of adropin in rat brain, cerebellum, kidneys, heart, liver, and pancreas in 
streptozotocin-induced diabetes. Mol Cell Biochem. 2013;380(1–2):73–81.

37.	 Rezaeinezhad N, Alizadeh R, Ghanbari-Niaki A. Short-term circuit resistance 
training improves insulin resistance probably via increasing circulating Adro-
pin. J Diabetes Metab Disord. 2022;21(1):583–8.

38.	 Rajala MW, Scherer PE. Minireview: The adipocyte–at the crossroads of 
energy homeostasis, inflammation, and atherosclerosis. Endocrinology. 
2003;144(9):3765–73.

39.	 Bradley JR. TNF-mediated inflammatory disease. J Pathol. 2008;214(2):149–60.
40.	 Bourlier V, Zakaroff-Girard A, Miranville A, De Barros S, Maumus M, Sengenes 

C, et al. Remodeling phenotype of human subcutaneous adipose tissue 
macrophages. Circulation. 2008;117(6):806–15.

41.	 Galvan-Pena S, O’Neill LA. Metabolic reprograming in macrophage polariza-
tion. Front Immunol. 2014;5:420.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Elastic band resistance training increases adropin and ameliorates some cardiometabolic risk factors in elderly women: A quasi-experimental study
	﻿Abstract
	﻿﻿﻿Background﻿﻿
	﻿Methods
	﻿Study participants and design
	﻿Elastic bands resistance training intervention
	﻿Lower and upper limb strength tests
	﻿Anthropometry and body composition
	﻿Blood sample collection and analysis
	﻿Statistical analysis

	﻿Results
	﻿Changes in serum adropin levels
	﻿Changes in serum levels of TNF-α and hsCRP
	﻿Changes in insulin resistance, insulin, and glucose
	﻿Changes in BMI, WHR, body fat percentage, and lipid profile
	﻿Changes in physical function
	﻿Correlations between adropin and other biomarkers

	﻿Discussion
	﻿Conclusion
	﻿References


